Abstract
Introduction
Cardiovascular diseases (CVD) constitute the most common cause of deaths and are associated with the death of 17.1 million people in the world annually [1] . In contemporary society we can observe a continuous increase in the prevalence of classic CVD risk factors such as smoking and passive smoking, hypertension, overweight, obesity and excessive consumption of sodium, which translates into steadily increasing statistics of cardiovascular events [2] . However, the coexistence of classic CVD risk factors does not fully explain the total cardiovascular risk in a given patient [3] . Recently, the importance of inflammatory and immunological processes has been underlined in the context of their impact on the development of atherosclerotic plaque [4] .
Without doubt one of the most common inflammatory processes in society is chronic periodontitis. The occur-periopathogens, which can penetrate into the bloodstream through damaged endothelium of capillaries. The concomitant periodontal inflamed surface area (PISA) in patients with chronic advanced periodontitis is 39 cm 2 in size [12] . Among the microbiota, the greatest role is attributed to a. actinomycetemcomitans, P. gingivalis, t. forsythia and P. intermedia [13] . The mentioned periopathogens, whose presence in atherosclerotic plaque was confirmed by polymerase chain reaction, appear to induce thrombocyte activation and aggregation through collagen-like platelet aggregation-associated protein expression, which may be one of the first stages of thrombosis, eventually leading to an acute coronary episode [14] . Moreover, periopathogens -through innate immune mechanisms based on cellular responses -provoke and sustain chronic inflammatory responses ongoing at remote sites [15] .
Among the modifiable factors and markers of cardiovascular risk, there are lipid disorders (increased concentrations of triglycerides (TG), total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-C), and decreased concentrations of high-density lipoprotein cholesterol (HDL-C), mediators of inflammatory reaction (C-reactive protein [CRP] ) and markers of fibrinolysis (fibrinogen). Only a few studies have evaluated associations between the state of periodontal tissues and the number of immunologically competent cells in blood. In our previously published study we reported the association between dental status and systemic lipid profile and inflammatory mediators in patients after myocardial infarction (MI) [16] . The results of multivariate analysis showed a relationship between LDL-C concentration, fibrinogen concentration and white blood cell count (WBC) on one hand and periodontitis and the number of lost teeth on the other hand.
The aim of the study was to assess the relationship between the state of periodontal tissues and the biochemical and cellular parameters associated with the development of atherosclerosis in patients with ChP after MI as well as verification of the impact of non-surgical periodontal treatment on the change in inflammatory mediators and the number of selected blood cell elements.
Material and methods

Patient recruitment
Subjects for the study were recruited from the pool of patients at the First Clinic and Department of Cardiology of Medical University of Warsaw hospitalized due to a recent acute MI on the second or third day after transfer from the Intensive Cardiac Care Unit to the General Cardiology Ward. All participants of the study were Caucasian Poles. The study group included 30 patients (6 women, 24 men), mean age 53.44 years (±7.65). The conditions for inclusion in the study were: 1) history of MI; 2) age under 65 years; 3) presence of at least 8 teeth (except for third molars); 4) diagnosed chronic periodontitis. MI (STEMI and NSTEMI) was diagnosed in line with the Guidelines of ESC. The following exclusion criteria were applied: 1) neoplastic disease; 2) rheumatic disease; 3) autoimmune disease; 4) chronic liver diseases; 5) chronic kidney disease at 4 th and 5 th stages; 6) stroke. The study was conducted observing ethical norms resulting from the Helsinki Declaration of 1975, as revised in 2000. The permission of the Bioethics Committee at the Medical University of Warsaw (approval number KB-145/2011) was obtained for conducting the research. The subjects in the study expressed their informed consent to participate in the project by signing an informed consent form. Social and general medical history of participants was taken. They were also subjected to physical, dental and periodontal examinations.
Patient population
In order to carry out the study, a properly constructed questionnaire was used. Based on information collected from the interview, data on age, income, education, atherosclerotic disease in the family and nicotinism were obtained. Income was determined on the basis of income per family member per month: < 800 PLN, 800-1500 PLN, > 1500 PLN. Education was defined as primary, secondary and university. Study participants were categorized as current smokers if they reported smoking at least 10 cigarettes per day continually for at least 5 years, past smokers if they reported smoking in the past and subjects who never smoked cigarettes (never smokers).
Hypertension was defined as systolic blood pressure (SBP) ≥ 140 mm Hg or diastolic blood pressure (DBP) ≥ 90 mm Hg in three consecutive measurements performed at five-minute intervals or if the patient was taking antihypertensive drugs. In the survey, the mean value of SBP and DBP obtained on the limb with a higher mean pressure was noted.
Diabetes was diagnosed if fasting blood glucose concentration was above 126 mg/dl or if the patient was taking appropriate medications.
Measurement of height (in cm) and body weight (in kg) was carried out using a medical scale with an increase meter. Body height measurement was taken in a standing position with an accuracy of 1 cm. Body mass measurement was taken with an accuracy of 0.1 kg. Body mass index (BMI) was calculated by dividing body weight (in kg) by height (in m 2 ). BMI 25-29.9 kg/m 2 was defined as overweight, and BMI ≥ 30 kg/m 2 as obesity. Dental examination determined the number of teeth present in the oral cavity and the number of extracted teeth (except for the third molars). Periodontal examination was carried out at 4 sites around all teeth: mesio-buccal (MB), buccal (B), disto-buccal (DB) and lingual (L). Only probing pocket depth (PPD) and clinical attachment level (CAL) were determined in order to make a preliminary diagnosis of chronic periodontitis [17] .
Patients who met all the inclusion criteria and agreed to be included in the study program were invited for another visit to the Department of Periodontology and Oral Mucosa Diseases of the Medical University of Warsaw. The visit took place three months after the end of hospitalization. The periodontal examination was carried out by a calibrated researcher. The study was conducted in artificial lighting, using a dental mirror and a periodontal probe calibrated every 1 mm (Hu-Friedy PCPUNC 15). The study did not include third molars. The dichotomous plaque index (PI) according to O'Leary was determined on four surfaces of all teeth (mesial, distal, lingual and buccal). The index was evaluated as the ratio of plaque surface area to all examined surfaces [18] . In order to assess the effectiveness of interdental space cleaning, the dichotomous approximal plaque index on contact surfaces (API) according to Lange was evaluated as the ratio between interdental spaces with plaque to all interdental spaces [19] . The study also evaluated bleeding on probing (BoP) according to Ainamo and Bay, and the examination was carried out at 4 points around all teeth: MB, B, DB and L. BoP was calculated by dividing the number of bleeding points by the number of all examined points [20] . PPD and clinical attachment level (CAL) were assessed at 4 points around all teeth (MB, B, DB, L). PPD was defined as the distance from the gingival margin to the bottom of the pocket as measured by probing (in mm). CAL was defined as the distance between the bottom of the pocket determined by probing and the cementoenamel junction (in mm). The measurements were rounded down to full mm. The number of active (bleeding) periodontal pockets with a depth of ≥ 4 mm was also verified.
Laboratory analyses, periodontal measurements and treatment
Precise diagnosis of periodontitis was made in accordance with the case definitions proposed by the Centers for Disease Control and AAP (Page and Eke definition) as follows:
• mild periodontitis as ≥ 2 interproximal sites with CAL ≥ 3 mm and ≥ 2 interproximal sites with PD ≥ 4 mm (not on the same tooth), • moderate periodontitis as ≥ 2 interproximal sites with CAL ≥ 4 mm or ≥ 2 interproximal sites with PPD ≥ 5 mm (not on the same tooth), • severe periodontitis as ≥ 2 interproximal sites with CAL ≥ 6 mm (not on the same tooth) and ≥ 1 interproximal site with PPD ≥ 5 mm [17] . After a thorough periodontal examination, all patients underwent classic non-surgical treatment (scaling and root planing -SRP) within all quadrants using hand and ultrasonic instruments with addition of 0.2% chlorhexidine solution to the coolant. Subsequently, tooth surfaces were polished using rubber bands and polishing paste. Then the patients were given individual oral hygiene instructions that included plaque control in interdental spaces. Patients were motivated to properly clean all dental surfaces. Additionally, for 2 weeks after SRP, patients were recommended to use a 0.1% chlorhexidine mouthwash.
Follow-up visits
Subsequent visits took place at 1 month and 6 months after SRP (Fig. 1 ). During each visit, blood samples were taken from the patients on an empty stomach to perform determinations of the previously mentioned biochemical and cellular parameters. A full periodontal examination was carried out according to the previously described protocol. If necessary, teeth were cleaned of soft and hard deposits by means of repeated SRP.
Statistical analysis
Descriptive statistics such as means, standard deviations (SD) as well confidence intervals (CI) at 95% confidence level were calculated for dental and biochemical parameters. Comparisons of means of dental and biochemical characteristics between subsequent measurements were conducted using the t-test for paired data. Relationships between changes (differences between subsequent measurements) in biochemical variables and periodontal parameters were evaluated using Pearson's correlation coefficient and multiple linear regression. In multiple regression analysis changes in periodontal variables were considered as independent variables, while changes in biochemical parameters were considered as dependent variables. In the first stage, gender and age of the patients were included as additional independent variables (Model I). In the second stage, other CVD risk factors, such as tobacco smoking, arterial hypertension, diabetes mellitus, BMI, atherosclerosis in the family, income and education, were added (Model II). Statistical significance for all analyses was set at the 0.05 probability level. The analyses were conducted using Statistica 13 software. Table 1 presents the demographic and general-medical characteristics of the study group. Smoking was reported by 22 participants (73%). Twelve individuals (40%) suffered from hypertension, 4 (13%) from diabetes. Over 80% of subjects (24 patients) demonstrated anomalous BMI values. Table 2 includes assessed periodontal indices and parameters as well as changes in the scope of these variables at defined time points. Patients' oral hygiene was unsatisfactory, but a downward trend in PI and API was observed. Subjects had an average of 19 teeth. Moderate ChP was diagnosed in 12 subjects (40%) and the advanced form in 15 persons (50%). Table 3 presents values of TC, TG, LDL-C, HDL-C, hsCRP and fibrinogen concentrations in blood as well as the number of assessed morphotic parameters before periodontal treatment, 1 month after and 6 months after SRP. A statistically significant reduction was observed in blood hsCRP concentration between the first and the second visit as well as a reduction in the number of WBC and neutrophils. Six months after the end of periodontal treatment, MPV increased with respect to the value after 1 month of treatment.
Results
On the basis of univariate analysis (Tables 4 and 5 ), a correlation between changes in selected biochemical parameters and changes in PI, API, PPD and CAL was observed. Multivariate analysis which was corrected in the first stage for gender and age (Table 6) , and then for the other assessed CVD risk factors, showed that the relationships between: 1) change in LDL-C concentration between the 2 nd and the 1 st visit correlated with the change in the API value; 2) change in the number of monocytes between the 2 nd and the 1 st visit correlated with the change in the PI value; 3) MPV change between the 3 rd and 2 nd visit correlated with PPD change are all independent of age, gender, income, education, atherosclerosis in the family, smoking, hypertension, diabetes and body weight disorders.
Discussion
Periodontal diseases and CVD have many common risk factors, such as higher prevalence among older men, smokers, with diabetes, body weight disorders, dyslipidemia and lower socioeconomic status, some of which are modifiable and some are non-modifiable. In our own study, frequent nicotinism, hypertension, overweight and obesity in patients after MI was observed. The extensive INTER-HEART study showed that dyslipidemia yields a 49% risk of MI [3] . In the case of patients with stable CHD, raised CRP concentration increases the risk of MI, 
sD -standard deviation, Ci -confidence interval, n -number, tC -total cholesterol, tG -triglycerides, LDL-C -low-density lipoprotein, HDL-C -high-density lipoprotein, hsCrP-high-sensitivity C-reactive protein, WBC -white blood cells, neUt -neutrophils, LYmPH -lymphocytes, mono -monocytes, PLt -platelets, mPV -mean platelet volume, * -statistical significance
and in the case of patients with unstable CHD and history of MI, elevated CRP worsens the prognosis and increases the risk of complications. CRP concentration is an independent predictor of cardiovascular risk, even after considering classic risk factors such as hypertension and elevated TC level [21] . On the other hand, elevated level of fibrinogen correlates with atherosclerosis severity and patient mortality [21] . Exact mechanisms of the effect of periodontal treatment on the course of CVD remain unknown, but these processes may be related to both direct control and attenuating local inflammatory reactions (which can be expressed by changes in the BoP index), as well as to regulating the modifiable risk factors common for periodontal diseases and CVD [22] . In this study, 50% of patients were diagnosed with chronic advanced generalized periodontitis. The main etiological factor of periodontitis is periopathogens present in the bacterial biofilm; therefore an essential element of treatment is an improvement of mechanical home plaque control by the patient through regular brushing and cleaning of the interdental spaces. The main goal of the hygienic phase is to meet the requirement of oral health education (OHE), that is a reduction of API below 25% and BoP below 10% [23] . Only after fulfilling this goal is it possible to implement the proper scheme of comprehensive periodontal treatment. The most important aspect of therapy is mechanical instrumentation with hand instruments or mechanical scalers [24] . These procedures are performed in order to remove bacterial biofilm together with mineralized deposits from the tooth surface and to smooth the root cement surface (SRP) in separate sections of dentition at specific time intervals. The treatment strategy based on simultaneous cleaning and preparation of all teeth is aimed at preventing any translocation of periopathogens from untreated sites to the pockets already subjected to non-surgical treatment. This procedure should be implemented in patients with generalized moderate and advanced ChP with a high risk of cross-contamination of pockets due to a large amount of supragingival deposits [25] . Therefore, in this study we decided to use the treatment protocol consisting of a single-visit instrumentation of all teeth. Patients were instructed on optimal oral hygiene, and treatment results were reassessed after one month and after 6 months. Oral hygiene of the subjects was unsatisfactory, but a down- Table 4 . Correlations between changes in biochemical parameters from baseline to 1 month and dental status 
tC -total cholesterol, tG -triglycerides, LDL-C -low-density lipoprotein, HDL-C -high density lipoprotein, hsCrP -high sensitivity C-reactive protein, WBC -white blood cells, neUt -neutrophils, LYmPH -lymphocytes, mono -monocytes, PLt -platelets, mPV -mean platelet volume, * statistical significance
ward trend in API was observed. However, between the second and the third visit, the other periodontal parameters deteriorated. This proves unsatisfactory cooperation from patients. Only 21 subjects came for the third visit, which means that more than 30% of patients declined further treatment. In the case of poor cooperation on the part of patients and inability to obtain satisfactory bacterial plaque control, palliative periodontal treatment should be implemented, with particular attention to remotivation in the field of oral hygiene and chemical control of the supragingival plaque. Biochemical parameters of blood with high diagnostic value in the context of periodontal medicine can be divided into mediators of lipid (TC, TG, LDL-C, HDL-C) and glucose (HbA1c) metabolism, mediators of inflammation (hsCRP, IL-6, TNF-α) and markers of thrombosis (fibrinogen). A certain role is also attributed to the number of immunologically competent cells: leukocytes [26] , neutrophils [27] , lymphocytes [27, 28] and monocytes [28] . Most of these parameters were evaluated in our own study. We observed a statistically significant decrease in blood hsCRP concentration and a decrease in the number of WBC and neutrophils between the first and the second visit. At the same time, improvements in plaque control (decrease of PI, API), reduction of PPD and percentage of active periodontal pockets as well as CAL gain were observed. Similarly, Li et al. [28] demonstrated that treatment of periodontitis leads to a statistically significant reduction in the number of CD34(+) cells in the blood, whereas Bokhari et al. [26] observed a significant decrease in WBC. However, in our research, 6 months after SRP, the mean platelet volume (MPV) increased with respect to the value obtained 1 month after treatment, in parallel with deterioration of periodontal treatment outcomes (increased PI, BoP, PPD and CAL loss). In this study, the authors also assessed the relationship between changes in the level of inflammatory mediators and the number of morphotic blood elements on one hand, and changes in the assessed indicators and periodontal parameters on the other hand. The relationships were evaluated in the logistic regression model considering classic CVD risk factors (to exclude their distorting effect). Multivariate analysis showed that the relationships between: 1) change in LDL-C concentration and change in API value; 2) change in the num- Table 5 . Correlations between changes in biochemical parameters from 1 month to 6 months after treatment and dental status ber of monocytes and change in PI values; 3) change of MPV and change of PPD are independent of CVD risk factors. It is difficult to explain the association between the decrease in LDL-C and the increase in API, but it is possible that the reduction in LDL-C was caused by the patient's medication, as well as diet or lifestyle changes as elements of secondary prevention of secondary MI. It is even more likely because the changes took place within 4 months after MI, when the patients were under constant care of a cardiologist. The increase in PI correlated with the number of monocytes in blood, and the increase in PPD correlated with increased MPV. Both the number of monocytes and MPV are indicators of inflammation and may partly explain the effect of periodontitis on cardiovascular risk. Wang et al. [29] pointed to MPV as a marker of periodontitis activity. They reported a positive correlation between increase in MPV and decrease of PPD after periodontal treatment (r = 0.377; p = 0.014). Recently, neutrophils have been indicated as a link between periodontitis and MI [21, 30] . One study showed that increased serum level of neutrophil markers, myeloperoxidase (MPO) and high matrix metalloproteinase (MMP)-8/tissue inhibitor of metalloproteinase (TIMP)-1 ratio increased the risk of recurrent acute coronary syndrome. Perhaps, if better and more stable effects of periodontal treatment had been obtained in our study, this would have had a greater impact on a reduction in the systemic inflammatory response.
Teeuw et al. [11] conducted a meta-analysis of the influence of periodontal treatment on the biomarker profile of atherosclerosis, on the number of immunologically competent cells and on improvement of vascular endothelial function. Weighted mean difference (WMD) was significant for TC (-0.11 mmol/l, 95% CI: -0.21; -0.01), HDL-C (0.04 mmol/l, 95% CI: 0.03; 0.06), hsCRP (-0.50 mg/l, 95% CI: -0.78; -0.22) and for fibrinogen (-0.47 g/l, 95% CI: -0.76; -0.17) for patients undergoing periodontal treatment, compared to untreated subjects. In addition, statistically significant WMD was observed with respect to concentration of Il-6 and TNF-α. Periodontal treatment improved vascular endothelial function [31] . Interestingly, in patients with a systemic burden (such as CVD, diabetes) changes in the biomarker profile of atherosclerosis and reduction of inflammatory mediators were even more beneficial. WMD for TC was -0.15 mmol/l (95% CI: -0.29; -0.01), for TG -0.24 mmol/l (95% CI: -0.26; -0.22), for HDL-C 0.05 mmol/l (95% CI: 0.03; 0.06) and for hsCRP -0.71 mg/l (95% CI: -1.05; -0.36). This last issue requires more attention. hsCRP is an acute phase protein, strongly associated with an increased risk of ischemic heart disease, ischemic stroke and vascular mortality [32] . Similarly, lipid profile disorders (increased TC, TG, LDL-C and decreased HDL-C) show strong correlations with the occurrence of CVD [33] . In the cited meta-analysis, periodontal treatment in patients with normal [34] . In addition, overweight and obesity have strong correlations with blood hsCRP levels, and weight reduction results in a decrease of hsCRP concentrations [35] . This may indicate that overweight has a direct effect on hsCRP levels in blood, and in the case of periodontal treatment it masks the effect of this treatment on concentration of inflammatory mediators. On the other hand, the lack of significant changes in atherosclerosis biomarker profile may be related to the direct negative effect of both overweight and tobacco smoking on periodontal tissues. Scientific research has shown that both variables worsen the effects of periodontal treatment [36] . Our study revealed that the prevalence of smoking and overweight/obesity was very high, which may partially explain the obtained results. The cited meta-analysis did not include studies assessing the effect of periodontal treatment on the number of immunologically competent cells, due to the small number of studies published in this field, which additionally underlines the value of our work. Most clinical trials evaluated the secondary endpoints of the effects of periodontal treatment on cardiovascular risk only in a short period of time. The Periodontitis and Vascular Events Study (PAVE) was a randomized clinical trial that analyzed the effect of conventional treatment of chronic periodontitis (SRP) in 303 subjects as a secondary prophylactic regimen (CVD) over 25 months [37, 38] . Although the incidence of cardiovascular adverse events in the study and control groups was similar (p = 0.85), SRP significantly decreased the concentration of hsCRP in blood [the adjusted odds ratio for hsCRP levels > 3 mg/l at 6 months after treatment versus no treatment was 0.26 (95% CI: 0.09 to 0.72)], but this effect was not observed in obese patients.
Our research has several limitations that require attention when interpreting the presented data. First, only MI patients were included in the study. The lack of a control group makes it impossible to compare the results of periodontal treatment, and the impact of this treatment on cardiovascular risk in relation to people without a CVD burden. In addition, all subjects were taking anti-coagulant drugs that could affect the BoP values. Measurements of CAL and PPD were performed at four rather than six measuring points, which could have led to an underestimation of the occurrence of periodontitis. Moreover, bias protection was a critical issue. To curb bias, the investigator who carried out periodontal examinations did not take part in the active treatment, However, due to high drop-out rate (30%), the risk of bias is high. Some patients could not be reached (changes in phone number) or refused further participation in the study. Despite the standard treatment protocol of periodontitis, the obtained outcomes were not satisfactory. Between the second and the third visit, a deterioration in all assessed periodontal parameters was observed. This indicates that patients after MI require implementation of more stringent treatment regimens, with a greater focus on oral hygiene instructions and a more frequent schedule of follow-up visits, which should be taken into account in future research. Also, the use of blind trial methodology by the observer would be preferable. Nevertheless, the researcher assessing the state of periodontal tissues was calibrated. Much attention should also be paid to the errors related to the influence of interfering variables and modifying factors on the obtained treatment outcomes, but there have been no studies assessing the relationship between periodontitis and MI in which all potential interfering variables were fully controlled. In our study, potential confounding variables were highlighted and an attempt was made to construct statistical models in logistic regression analysis, controlling the most relevant of these parameters.
Summing up, it can be concluded that there is a need for randomized clinical trials to assess the effect of treatment of periodontal disease as a preventive factor (primary and secondary) of acute coronary syndromes. In addition to treatment including mechanotherapy, the importance of using immunomodulatory medications in periodontal treatment should be verified. In the long term, these studies should assess both primary endpoints (CVD death, angina pectoris, MI, stroke) and secondary end points (modifiable CVD risk factors: blood pressure, lipid profile, blood levels of inflammatory markers: hsCRP; parameters assessing the work of myocardium: ejection fraction). Considering the essence of the research topic, it still remains valid.
Conclusions
The obtained results indicate a relationship between the state of periodontal tissues and mediators of atherosclerosis (hsCRP, LDL-C, HDL-C), the number of immunologically competent cells (WBC, neutrophils, monocytes) and MPV. Patients after MI should be referred to dentists, and preferably to periodontists, to undergo early diagnosis and periodontal treatment [39] . In this group of patients, the treatment program should place a very high emphasis on education in oral health in the context of general health, and often repeat instructions on maintaining optimal oral hygiene. Control visits should be frequent, and breaks between them should not exceed 2-3 months. Obtaining good effects of periodontal treatment may translate into improvement in the field of mediators and markers of in-
